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Implementing a Sepsis Resuscitation Bundle Improved Clinical Outcome: 
A Before-and-After Study
Jeongmin Kim, M.D., Sungwon Na, M.D., Ph.D., Young Chul Yoo, M.D., Ph.D., and Shin Ok Koh, M.D., Ph.D.
Department of Anesthesiology and Pain Medicine, Yonsei University College of Medicine, Seoul, Korea
Background: Unlike other diseases, the management of sepsis has not been fully integrated in our daily practice. The aim of this study 
was to determine whether repeated training could improve compliance with a 6-h resuscitation bundle in patients with severe sepsis and 
septic shock.
Methods: Repeated education regarding a sepsis bundle was provided to the intensive care unit and emergency department residents, 
nurses, and faculties in a single university hospital. The educational program was led by a multidisciplinary team. A total of 175 adult 
patients with severe sepsis or septic shock were identified (88 before and 87 after the educational program). Hemodynamic resuscitation 
bundle and timely antibiotics administration were measured for all cases and mortality at 28 days after sepsis diagnosis was evaluated.
Results: The compliance rate for the sepsis resuscitation bundle before the educational program was poor (0%), and repeated training 
improved it to 80% (p < 0.001). The 28-day mortality was significantly lower in the intervention group (16% vs. 32%, p = 0.040). 
Within the intervention group, patients for whom the resuscitation bundle was successfully completed had a significantly lower 28-day 
mortality than other patients (11% vs. 41%, p = 0.004).
Conclusions: Repeated education led by a multidisciplinary team and interdisciplinary communication improved the compliance rate of 
the 6-h resuscitation bundle in severe sepsis and septic shock patients. Compliance with the sepsis resuscitation bundle was associated 
with improved 28-day mortality in the study population.
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Introduction
Severe sepsis and septic shock are the leading causes of death 
in non-cardiac intensive care units (ICU).[1,2] Management of 
sepsis based on the Surviving Sepsis Campaign (SSC) guide-
lines[3] has been associated with survival benefits.[4-9] For the 
management of severe sepsis, the SSC recommended the im-
plementation of an early goal-directed sepsis resuscitation 
bundle. Although the guidelines provide a road map for the care 
of severe sepsis patients, their success depends on the com-
pliance of clinicians. In previous studies a national training pro-
gram based on the SSC guidelines improved compliance with 
recommended processes of care for severe sepsis in ICUs. 
However, a long-term follow-up study showed that the com-
pliance with the 6-hour early goal-directed resuscitation bundle 
returned to the baseline value, while the compliance with the 
24-hour sepsis management bundle remained stable.[10] 
Considering the impact of the 6-hour early goal-directed re-
suscitation bundle and the 24-hour sepsis management bundles 
on clinical outcomes, use of the resuscitation bundle seems to be 
more strongly associated with clinical outcomes.[4] We de-
signed this before-and-after study to test the hypothesis that a 
biweekly repetitive educational program for the emergency de-
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partment (ED) and ICU residents, nurses, and faculties led by a 
multidisciplinary team could improve the compliance rate for 
the sepsis resuscitation bundle and further reduce the mortality 
of severe sepsis and septic shock patients.
Materials and Methods
This before-and-after study was approved by the Institutional 
Review Board (IRB) of Severance Hospital (IRB No 4-2009- 
0295), and the need for informed consent was waived by the 
IRB. Adult patients aged 18 years or more who were admitted to 
the ED and diagnosed with severe sepsis/septic shock during a 
20-month period after initiation of educational sessions were in-
cluded as the intervention group (between November 2007 and 
July 2009). For the control group, patients who were admitted to 
the ED and diagnosed with severe sepsis/septic shock under the 
same criteria between January 2006 and September 2007 were 
included. The clinical data were retrospectively collected by re-
viewing the electronic medical records (EMR) of the patients. 
Severe sepsis was defined as sepsis associated with acute organ 
dysfunction. The term organ dysfunction was defined by the 
SOFA scoring system.[11] Each subgroup scoring higher than 3 
was defined as specific organ failure. Septic shock was defined 
as acute circulatory failure (systolic blood pressure less than 90 
mmHg despite volume resuscitation).[12] We excluded 22 pa-
tients who were younger than 18 years, pregnant, with trauma, 
readmitted within 1 week due to previous diagnosis of sepsis, 
transferred from another institution, or had a do-not-resuscitate 
order or a previous history of heart failure. We compared clini-
cians’ adherence to the SSC guidelines for the implementation 
of the early goal-directed resuscitation bundle and clinical out-
comes of the patients, including 28-day mortality, between the 
two groups. 
1) Intervention to improve adherence to the SSC 
guidelines
The intervention consisted of two components; a multi-
disciplinary team and repeated education sessions. The mul-
ti-disciplinary team was organized under the participation of the 
faculties and nurses working in the ICU and ED. Physicians’ 
subspecialties included emergency medicine, pulmonology, in-
fectious disease, and anesthesiology. The multidisciplinary team 
provided 2-hour educational sessions during the study period, 
twice a month, starting in November 2007. The biweekly educa-
tion sessions encompassed the definition of sepsis, components 
of the resuscitation bundle, and clinical evidence provided by 
the recent literature. They also included monthly feedback from 
the data of the previous month on the basis of the plan-do-study-act 
process.
2) Management protocol
In the intervention group we managed the patients by follow-
ing the protocol based on the 6-hour early goal-directed re-
suscitation bundle.[13] The hemodynamic goal (mean arterial 
pressure [MAP] > 65 mmHg and central venous pressure [CVP] 
> 8 mmHg) was achieved with fluid resuscitation and vaso-
pressor infusion. Dobutamine administration or transfusion of 
packed red blood cells were used to maintain central venous 
oxygen saturation (ScvO2) over 70%. We also intravenously ad-
ministered initial empirical antimicrobial therapy within the 
first 3 hours of diagnosis after appropriate cultures were 
obtained. Initial empirical anti-infective therapy should include 
one or more drugs following the 2004 SSC guidelines. 
Antibiotics selection should be largely determined by institu-
tional guidelines considering the source or focus of infection, 
the patient’s immunologic status, and whether the infection is 
nosocomial or community-acquired. The 2004 SSC guidelines 
also recommend taking into consideration the institution’s spe-
cific bacterial resistance patterns. If the patient needed ven-
tilator care due to acute lung injury or acute respiratory distress 
syndrome, we applied mechanical ventilation using a lung pro-
tective strategy including low tidal volume of 6 ml/kg of pre-
dicted body weight, plateau airway pressure less than 30 cm 
H2O, and application of positive end expiratory pressure table of 
acute respiratory distress syndrome network.
3) Data collection and outcome measures
Demographic data including age, gender, APACHE II score, 
origin of infection, and organ dysfunction were collected. To 
evaluate the compliance rate of the early goal-directed re-
suscitation bundle, we investigated the following items: blood 
culture before antibiotics, intravenous broad-spectrum anti-
biotics, and hemodynamic goals including MAP ≥ 65 mmHg, 
CVP ≥ 8 mmHg, and ScvO2 ≥ 70%. 
The primary end point was the comparison of compliance 
rates for the early goal-directed resuscitation bundle for severe 
sepsis/septic shock patients during the first 6 hours after the di-
agnosis, between the two groups. We also compared 28-day 
mortality and length of stay (LOS) in the ICU and hospital. To 
evaluate the improvement in the achievement rate of the early 
goal-directed resuscitation bundle after the intervention process, 
we compared the rate of measurement of the serum lactate level, 
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Table 1. Demographic data, origin of infection, and organ dysfunction
Intervention (n = 87) Control (n = 88) p value
APACHE II 20.0 ± 6.6 21.4 ± 5.7 0.133
Age, yr  64.3 ± 12.3  64.7 ± 14.7 0.847
Male 46 (53) 44 (50) 0.818
Origin of infection
Pneumonia 33 (38) 30 (34) 0.828
Acute abdomen 20 (23) 21 (24) 0.888
UTI 13 (15) 18 (21) 0.695
Meningitis 2 (2) 1 (1) 0.313
Soft tissue infection 7 (8) 4 (5) 0.215
Others 10 (12) 8 (9) 0.702
Multiple infection sites 3 (3) 5 (6) 0.384
Organ dysfunction*
Cardiovascular 66 (76) 66 (75) 0.966
Respiratory 48 (55) 59 (67) 0.145
Renal 28 (32) 23 (48) 0.475
Hepatic 15 (17) 21 (24) 0.369
　Coagulation  9 (10) 16 (18) 0.206
Neurologic 10 (12) 15 (17) 0.203
Values are presented as mean ± SD or  n (%). *Organ dysfunction was defined by SOFA scoring greater than 3. APACHE II: acute physiology and chron-
ic health evaluation; UTI: urinary tract infection.
Table 2. Compliance to sepsis resuscitation bundle within 6 hours from diagnosis 
　 Intervention (n = 87) Control (n = 88) p value
Antibiotics administered within 3 h 74 (85) 36 (41) < 0.001
Blood culture before antibiotics 84 (97) 79 (90)  0.140
CVP ≥ 8 mmHg 72 (83) 24 (27) < 0.001
MAP ≥ 65 mmHg 86 (99) 78 (89)  0.013
All measured goals 70 (80) 0 (0) < 0.001
Values are presented as mean ± SD or n (%). CVP: central venous pressure; MAP: mean arterial pressure.
insertion of the central venous catheter, insertion of the arterial 
line, measurement of CVP and ScvO2, and appropriate use of 
antibiotics. We also compared the time interval from the diag-
nosis to the start of the monitoring and achievement of the goals. 
The goals consisted of administering antibiotics within 3 hours 
of the onset, and achievement of CVP, MAP, and ScvO2 goals 
within 6 hours. 
4) Statistical analysis
To compare continuous data, Student’s t-test or Mann- 
Whitney test was used. Categorical data were analyzed using the 
chi-squared test. Mortality was analyzed with the log-rank test 
and Breslow test, represented by Kaplan-Meier curves. Kaplan- 
Meier analysis was used to compare LOS in the ICU or hospital 
and mortality within 28 days. 
Results
The intervention group had 87 patients and the control group 
had 88 patients. Age, sex, and APACHE II score were com-
parable between the two groups (Table 1). At time-point zero, 
there were no significant differences in the origin of the in-
fection between the groups. In the study population, the most 
common origin of sepsis was pneumonia and abdominal 
infection. The prevalence of organ dysfunction was comparable 
between the groups. The most common major organ dysfunc-
tions were cardiovascular and respiratory dysfunction. 
Considering each of the resuscitation bundle items, anti-
biotics were more frequently given within 3 hours in the inter-
vention group (85% vs. 41%, p < 0.001). The rate of achieving 
hemodynamic goals was also higher in the intervention group 
(CVP 83% vs. 27%, p < 0.001; MAP 98% vs. 89%, p = 0.013; 
CVP and MAP, 94% vs. 25%, p < 0.001). ScVO2 level was in-
commensurable because it was not measured in the control 
group. The rate of patients who achieved all hemodynamic goals 
within 6 hours after diagnosis (80% vs. 0%, p < 0.001) was defi-
nitely higher in the intervention group (Table 2). 
The time from the diagnosis to the achievement of variables 
of the early goal-directed resuscitation bundle were compared 
between the two groups. After completing the training program, 
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Fig. 1. Comparison of the 28-day survival rate between the inter-
vention and control groups. Kaplan-Meier curves depicting the 
probability of survival of patients with severe sepsis or septic shock 
in the intervention group and the control group according to the 
length of survival (p = 0.04 by Breslow test) + means censored data.
Fig. 2. Comparison of LOS in the ICU between the intervention and 
control groups. Kaplan-Meier curves depict the probability of re-
maining in the ICU for patients with severe sepsis or septic shock in 
the intervention group and the control group according to the LOS 
in the ICU (p = 0.001 by Log Rank test) + means censored data. 
LOS: length of stay; ICU: intensive care unit.
Fig. 3. Comparison of the number of days in hospital between the 
intervention and the control groups. Kaplan-Meier curves depict 
the probability of remaining in the hospital for patients with severe 
sepsis or septic shock in the intervention group and the control 
group according to the LOS in hospital (p = 0.078 by Breslow test) 
+ means censored data. LOS: length of stay.
Fig. 4. Relationship between training and outcome. The x-axis 
shows the 22-month study period divided into 4-month intervals 
comparing the goal achievement rates between each period, and the 
y-axis shows the 28-day mortality rate (A) and the achievement rate 
of the early goal-directed resuscitation bundle (B). C indicates the 
time period when training was carried out.
the times to administering antibiotics, insertion of central ve-
nous catheter, and achievement of CVP and MAP goals were 
significantly reduced (118 vs. 245 min, p < 0.001; 40 vs. 122 
min, p = 0.0007; 135 vs. 197 min, p = 0.0163; 91 vs. 179 min, p 
< 0.001, respectively). 
The patients in the intervention group showed a significantly 
lower mortality rate at 28 days after the diagnosis (16% vs. 32%, 
p = 0.04) than those in the control group. Kaplan-Meier plots of 
the probability of remaining alive are shown in Fig. 1. The Breslow 
test showed statistical significance in the difference in 28-day 
mortality between the groups (Fig. 1, p = 0.040). LOS in the 
ICU analyzed by Kaplan-Meier test was significantly longer in 
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was not significantly different between the two groups (Fig. 3, p 
= 0.078). Discontinuation of the training for 4 months reduced 
the goal achievement rate and increased the 28-day mortality 
rate, although they were restored after resuming the program 
(Fig. 4).
In the intervention group, 17 patients did not have their re-
suscitation goals completed, while the remaining 70 patients 
did. There was a statistically significant difference in the 28-day 
mortality rate in the patients who did or did not complete the 
bundle (11% vs. 41%, p = 0.004), while LOS in the ICU and 
LOS in the hospital were not significantly different according to 
the bundle completion rate. (p = 0.062) 
Norepinephrine (53% vs. 34%, p = 0.019) was more fre-
quently administered in the intervention group, compared with 
the control group. Fewer patients received dopamine (50% vs. 
91%, p < 0.001) and dobutamine (4% vs. 19%, p = 0.006) in the 
intervention group, respectively. Steroids were more frequently 
administered in the intervention group, compared with the con-
trol group (34% vs. 19%, p = 0.036), and there was no sig-
nificant difference in the use of vasopressin (14% vs. 7%, p = 
0.138). 
Discussion
The present study showed that quality improvement action in-
cluding repeated education provided by a multidisciplinary 
team could improve the adherence to SCC guidelines, thereby 
improving clinical outcomes in severe sepsis and septic shock 
patients. The adherence rate to the SCC guidelines before edu-
cation or quality improvement actions was poor, a finding con-
sistent with previous studies.[10,14] In our study, a specially or-
ganized multi-disciplinary team with good collaboration and a 
training program improved the management process of severe 
sepsis and septic shock patients. Trzeciak et al.[9] showed that 
effective emergency medicine and collaborative critical care im-
proved the early achievement rate of goal-directed therapy. Our 
collaborative sepsis management team showed improved com-
pliance and outcomes. 
A nation-wide study demonstrated that a training program 
based on the SCC guidelines improved compliance with the rec-
ommended processes of care for severe sepsis in the ICU.[10,15] 
However, Ferre also showed a discrepancy in adherence to the 
protocol for the early goal-directed resuscitation bundle and the 
24-hour management bundle. In this study, compliance with the 
protocol for the sepsis management bundle was maintained even 
after the 1-year follow-up was finished, while the compliance 
for the early goal-directed resuscitation bundle returned to the 
baseline level. 
In the intervention group, we found a significant relationship 
between the achievement rate of the early goal-directed re-
suscitation bundle as recommended by the SCC guidelines and 
the mortality rate. Recent studies showed that non-compliance 
with the 6-hour sepsis resuscitation bundle increased mortality 
while non-compliance with the 24-hour sepsis management 
bundle did not.[4] 
Studies have been conducted on the effect of education in 
clinical fields and reports have revealed the effect of education 
on the behavior of the medical staff.[16] Ordinary didactic ap-
proaches such as printed materials or practice guidelines for 
health care providers, including physicians, failed to change 
their behavior.[17] Only evidence-based educational approaches 
are known to have an impact on health care providers’ behavior. 
Such approaches include interactive educational activities, se-
quenced and multifaceted interventions, educational outreach or 
academic detailing, and audit and feedback to physicians.[18,19] 
Constant re-educational programs were essential for the suc-
cessful implementation of the sepsis bundle. 
Standardization and protocolization are important for im-
proving clinical practice.[20] Many researchers tried to demon-
strate that implementation of an evidence-based management 
protocol improved clinical outcomes of sepsis patients, but their 
results were not consistent.[5-7,9,14,21] Most of the trials used 
more rigorous fluid management earlier in the treatment proto-
col, more appropriate antibiotics therapy, and shorter LOS in the 
ICU or hospital, and the effects of the tested interventions on 
mortality varied. A few studies demonstrated mortality bene-
fits,[6,22] while others did not.[21] These inconsistent results 
were thought to be related to clinicians’ adherence to the 
protocol. Nguyen et al. demonstrated that the completion of ear-
ly goal-directed therapy was significantly associated with lower 
mortality[7] (odds ratio, 0.36; 95% confidence interval, 0.17- 
0.79; p = 0.01). Compared to previous studies, the completion 
rate after intervention in our study was relatively high. This high 
rate might result from the fact that we organized the clinical 
pathway with a periodic survey of the treatment process and 
continuous provision of training sessions. 
The time to administration of broad-spectrum antibiotics was 
improved after intervention in this study, while the admin-
istration rate itself did not show significant changes. Similar im-
provement in earlier administration of antimicrobial agents was 
noticed in several recent studies.[21]. 
Among vasopressors, dopamine and norepinephrine are most 
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frequently used, and are recommended by the SCC guidelines. 
In our study, there was a noticeable change in the use of 
vasopressors. More vasopressin and less dopamine were used in 
the intervention group. This change was thought to result from 
the physicians’ concerns about the arrhythmogenicity of dop-
amine and relative deficiency of vasopressin.[23,24] In addi-
tion, during the study periods, more physicians would tend to 
use steroids in patients with septic shock who, despite adequate 
fluid replacement, required vasopressor therapy to maintain ad-
equate blood pressure. Therefore, steroid use showed a sig-
nificant difference between the two groups in the course of time 
(34% vs. 19%, p = 0.036).
As demonstrated by Rivers,[22] time-dependant character-
istics of sepsis management required involved clinicians to 
make standardized protocols, but its multi-disciplinary nature 
made implementation of protocols challenging. The present 
study confirmed that the sepsis resuscitation bundle, as well as 
the treatment bundle, could be implemented and maintained by 
continuously conducting surveys and education, and benefit 
sepsis patients with standardized care and early admission to the 
ICU. 
Limitations of this study are as follows. Since creating a mul-
ti-disciplinary team, provision of repeated training, and for-
mulating a resuscitation bundle implement pathway were simul-
taneously carried out, we could not differentiate the impacts of 
each factor. Moreover, since the control group data were retro-
spectively collected, randomization could not be performed. 
However, since all patients who were admitted to the ED and di-
agnosed as having severe sepsis/septic shock between January 
2006 and September 2007 were allocated to the control group, 
selection bias would be minimal. Random allocation of patients 
to the intervention group would not be ethical, so the compar-
ison between the intervention and control groups could be per-
formed only observationally. In our institution, moreover, since 
patients’ data were recorded in the EMR system according to the 
institutional guidelines, we gathered all parameters relevant to 
the resuscitation bundle and patients’ outcome. Another im-
portant limitation was that we did not know how long the effect 
of training could be maintained and we could not confirm the 
ideal interval between training sessions. However, discontinua-
tion of the training program for 4 months reduced the goal ach-
ievement rate and increased the 28-day mortality rate, although 
the goal achievement rate and mortality rate were restored after 
resuming the training (Fig. 4). We would like to suggest that re-
peated training with an interval between training sessions of at 
least 2 or 3 months is necessary to maintain improved com-
pliance and clinical outcomes. The other limitation was that our 
hypothesis was based upon a premise that we could exclude the 
effect of the 24-hour sepsis management bundle on the clinical 
outcome. However, compliance with the 6-hour early goal-di-
rected resuscitation bundle was in connection with the 24-hour 
sepsis management bundle. 
In conclusion, we demonstrated that implementation of an 
evidence-based management protocol for severe sepsis or septic 
shock patients improved clinical outcomes. Repeated exposure 
to an educational program and interdisciplinary communication 
was helpful to maintain a high completion rate for the manage-
ment bundles, which in turn decreased ICU mortality in sepsis 
patients.
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